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PREPARATION OF A FENTANYL LIGAND
FOR THE OPIATE RECEPTOR

'S 1. APPROACHES FOR SYNTHESIS

The desired product is shown as compound 1. The * indicates the
location of the tritium ( H) on the radiolabeled form.

H

N3  CH2 -CH2-N -0

C 0

H2  cpd. 1

'S CH3

The general approach that was used was to prepare N-[1-[2-(4-
nitrophenyl)ethyl]-4-(phenylamino)piperidine using published
procedures, convert the nitro group to an azide, and then add the side

*chain with or without the radiolabel by acylation of the secondary
amine. However, there was considerable uncertainty from the
literature in regard to whether these steps could be carried out
without also encountering unwanted side reactions. Therefore, several
alternative approaches were discussed and some were tested

* *- experimentally.

Published procedures (1,2) were available for that part of the
synthesis shown in Figure 1. Several approaches were considered for
converting the nitro group to an azide and for attaching the
propiorate to 4.

One approach involved the conversion of 4, by acylation with
acryloyl chloride to give N-[1-[2-(4-nitrophenyl)ethyl]-4-piperidinyl-
N-phenyl-acrylamide, 5. In principle 5 could then be reduced with
tritium gas in the presence of a palladium catalyst to form the
radiolabeled 6. Both the double bond and the nitro group would need
to undergo the tritium reduction. After suitable purification, the
radiolabeled 6 would then need to undergo diazotization and subsequent
reaction with sodium azide to form the desired product, 1. The
structures of 5 and 6 are described on page 6.

The approach via 5 and 6 was discussed extensively with the
custom synthesis and tritiation personnel at both New England Nuclear
Co. and Amersham Co., since the tritiation could not be done at tho
University. The conclusions from those discussions did not make, th-
approach via and 6 look very promising. The cost of the er, iai
tritiation was estimated by these companies to require at l,-,t
$2,000. This included the cost of 50 Ci of tritium qa, to prl(,h ,i 1r,.

1. T.R. Burke Jr., B.S. Bajwa, A.E. Jacobson, K. . Pi(,,, P.A.
Streaty, and W.A. Klee, J. Mrd. Ch ri. 27:1570 1574, 192,

2. M.W. Lobbezoo, W. Soudijn, and I.V. Wijn(;aarden, [-jr. 1.
Med. Chem. 15:357-361, 1980.

% %4*..



02N j CH2 -COOH -- -1-2. 02N CH2 -COCl

p-nitrophenyl acetic acid p-nitrophenyl acetyl chloride

H

H 20 + 62 a CH2. C _  = 4-piperidone

2H S03  catalyst

S03H" 0 Op 02* Q-2 N- "j-CH2-C-\,N-.-.

cpd. 2
NaBH 4 - )

-Y H

02N / -CH2- N 0
- H -

cpd. 3
,.' BH3/THF

'-0 ON--CH-CH -HN

cpd. 4

Figure 1. Portions of Synthesis Based on References (1,2).
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H

0 - CH2 -CH2 - N / \
I - cpd. 5

C =O

H3

)H2

H

3H2  / H-CH -N' N-/0 \
2 1 cpd. 6

CH H

-~ CH2 H

catalyst. The time required by the commercial firm would be 5-6
wpeks, with no purification of the resulting product mixture included
in the cost or in the time scale. The Custom synthesis personnel were
uncertain that both the nitro group and the double bond reductions

-. would proceed; and further they cautioned that radiolytic
decomposition of the product could be significant. And finally, the
custom synthesis personnel could not propose a simple method to tell
whether or not both of the reductions had occurred as planned. Two
purifications with radiolabeled material would have been required,
once after the tritium reductions and again after the diazotization-
azide reactions. And finally, there was a slight possibility of a 1,6-
->,yiatrophic hydrogen shift in 5, as shown below, which might lead to
degradation of the compound. Therefore, the tritium gas double
reduction approach was not used.

H

RIN / R-N N- 4 CHBCH=C-O

( ocpd. 5 shift

R CH2 CH2 C6H4 -NO2
* CH2

I .. iv e m ,th d uf on'e ,tr n;l t it q r '., (n 4 tu n il
,<' .- .,.. , .i b i , it, O i of in a(ryl ii, . . ,, hain als did r ,

.f *, f , hi 0i.lia '-. u ent I i t i u t qa i-, ri t o n o f t h ,
i1, douhle hound would most Iik(oly harve &a '."I ra t ion )f "'I

, .. . . , , ,f t h o h i Jh l . l a b i le a / idc ,o q r o ut . Il - , 'v o r,- t ho n il i ,1 1

f t h o ,tf the i r oup a Ii snh) (u1 ' r ai z io )t oit !t n 4 wol,1
I ( (" .re ir d o t i o on o f the 1f) or' . I -i l

'  
r 1 r v inV .(I f o r

- . 'we

S . , 'i'-.''4' -' . . . ',' "W '4 4 7 5 " . -" • ' ' . - -



the acrylamide attachment) to prevent reaction at the secondary amine
as well; however it is shown later that the conversion of the nitro
group to the azide could be carried out without having to protect the
secondary amine.

These problems in principle could be overcome by an approach that
a) put the radiolabel on at the last step, thus requiring only one
purification with the radiolabel attached, and b) that did not
necessitate a tritium gas reduction.

After extensive discussion in this laboratory and with CRDEC
personnel, the approach in Figure 2 was selected. This involved the
conversion of 4 to 7, to protect the secondary amine, and then
reduction of the nitro group to produce 8 followed by conversion to
the azide (9). Hydrolytic cleavage of the amide would remove the

N protective group from the secondary amine to produce 1-[2-(4-
azidophenyl)ethyl]-4-(phenylamino)-piperidine (10), which could be
acylated with a radiolabeled propionylating reagent to give the final
product (1).

It was planned to use N-succinimidyl-[2,3- 3H] propionate as the
acylating reagent since it was commercially available at about $498/5
mCi and specific activity 80-100 Ci/mmol. A more reactive

*propionylating agent, radiolabeled propionyl chloride, would have
required a $7,000 custom synthesis for 1-5 Ci/mmol at 95% purity. It
was also planned a) to prepare the non-radiolabeled analog 9 of the
desired product I for use at CRDEC and b) to test the final attachment
chemistry for the radiolabeled group (10 + 11 to give 1) first with
non-radiolabeled compounds (10 + 12 to give 9).

It turned out that the hydrolysis of 9 to produce 10 was
extremely difficult to cary out. Therefore a method was developed to
go directly from 4 to the primary amine and then to the azide, 10, as
shown in Figure 3.

p.-
p%.

P,,

-S . '- . "Z"": Z ; ; . ""' "" ' " "' ' . - .- - ". ,' - - "- .; - ''-"
N - * , % " - " , " , " " - " -1 " " , , " - - "



0N ' -CH -CHN Nj'
2H \ cpd. 4

propionic anhydride I H
* 2NCH -CH -N(: Y N

02 - cpd. 7

H2/PdCH

NaN3  CH2

CH3

HN CH -CH -N 'N

2C2 2 cpd. 12

H2

II

CH3

CH2 I V2-N

3.pd S.1-0

rpproach fot! 01 (r Jho,. .'lUlo J,",-

0 :.O -®r8



H

02N CH2-CH2- ' -
HX cpd. 4

H2/Pd

H

''-"H 2  -,CH2-CH -2W4 I 2K I) cpd. 14

HNO 2/HC1

NaN 3

H
N N - a CH2-CH2- N 4

3. 2 2 H cpd. 10
a'

Figure 3. Pathway used for converting 4 to 10.
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2. F XP[I RIMN I P ROC F DUPtS

2.1 1ater ials

* p-Nitrophenyl acetic acid, 4-piperidone monuhydrate
hydrochloride, thionyl chloride, sodium azide, aniline, sodium
borohydride, N-hydroxysuccinimide, and propionic anhydride were
purchased from Aldrich Chemical Co. The other chemicals were reagent
grade from Fisher. N-succinimidyl -[2,3 31]-propionate with a specific
activity of 107 m ~ij mol was u.cha ed from A'ersham Co.
Tetrahydrofuran was distil'ed over lithium alu'winuti hydride. Toluene
and henzene were distilled ovet sodium and kept over 4 A molecular
sieves.

2.2 Procedures

Liquid scintillation counting was carried out using Aquasol as
'he counting fluor and a Beckman Model 1801 spectrometer with H-number
" ,quench correction. Radiochromatogram scanning of the TLC plates was
,,e with a Packard scanner.

1H WIR spectra were measured in deuterochloroform with TMS as the
internal standard using the 620 MHz NMR facility at Carnegie Mellon

I riversity. Infrared spectra were obtained with a Digilab FTS 15/80
.ourier Transform Infrared Spectrometer. Low resolution mass spectra
rwere recorded on a double focussing VG 7070G instrument at the

University of Pit tshurgh Chemistry Department.

Purifications were achieved by column chromatography on silica
cjel (70-230 mesh) or by repeated crystallization. Melting points were
determined on a Thomas Hoover Unimelt capillary melting point
apparatus. Solvents containing organic fractions were dried over
anhydrous sodium slphate.

4.,6

4t.

,S

4

4

'S



3. RESULTS AND DISCUSSION

Several of the Fig. 1 reactions did not give the reportod v
of pure products when carried out as described in referee(-1 ( I ,
(2). F Urthermore. the lit erature crystall ization met hod for Ip:r f,,, i
the int ermediate comp(uinds, i.e. recrystallization from ethyl e ,r il
7 0C . d i d not prove sat i sfact ory. Alternate methods us inq e y I

acetate, ethyl acet ate'pet roleum ether, and cyclohe/anc hd to Ih.,

conditions and the reult s of the characteri'ation measureents for

each compound are given in the last section of the report.

Compound 4 was converted in several aliquots to give 16 g of pur-
7 of m.p. 119 120 1 C. Catalytic hydrogenation of 7 over palladium,
following the publ i .hid Procedure, gave quanti tative conversion of 7
to 8, with a product m.p. of 150-1520 C. Diazotization of 8 with
' oiuILm n it r ite and 2N HC I at 00C foll Iowed by the add it i on o f sod ium11
azide produced 9, as a colorless material after crystallization from
ethyl acetate/ethanol.

Purified 9 had a decomposition poiot at 195 0C and exhibited
intense infrared absorltion at 2110 cm (indicative of the azide

* group) and at 1638 cm- (indicative of the amide carbonyl). Mass
spectroscopic analysis of 9 showed a molecular ion peak at 377 mass
units and another peak at 349 mass units. The loss of 28 mass units
from the molecular ion was indicative of azide breakdown to release
nitrogen to yield a nitrenium ion. Proton NMR spectra were obtained
for 7, 8, and 9; and the spectra agreed with the assigned structures.
Compound 9 was stable, in that no decomgosition was observed (tested
by TLC) over several weeks storage at 5 C while protected from light.

The hydrolysis of 9, to remove the non-radiolabeled propionyl
r oup and form 10, while keeping the azide function intact. proved to
I- very difficult to carry out. Both acidic and basic reagents,
including various concentrations of hydrochloric acid or sodium
hydroxide, ammonia, HF, and Triton B, were tried. The procedure was
complicated by two factors: 1) the mobilities of the components of
'he reaction mixture seemed peculiar on TLC (this is discussed later
in more detail) and 2) in some of the trials with acidic reagents a
', compound that differed from 8, 9, or 10 was formed, a'- -en by

I[C. This new compound did not show an azide peak on IR but did shn',v,
-- . 'H and amide carbonyl absorptions. It was postulated that the nrew

c"n, 'pound might have been the resu It of internal NH insertion b t tw,,,4
h;, az ide and the N-phenyl to give 13. No attompt wv , I i(, t

and characterize 13; however, there is precedence for in ,, tio of c,
O.- ,zi'J derived nitrene into phenyl rings to give at- .H 1 nkai (3).

3. P.A.S. Smith in Azideos, and t Nit ren-, ,, t i v. t 1
F .[ .. Scriven, ed., Aca de mic Press. N, r . 10 . pp ,
182.

.-'

r% %
% %1
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CH2  - CH2
I I

N
i (pd. 13

2 3

In view of the difficulties in hydrolyzing 9 to form 10, several
alternative approaches were tried. One approach was the direct
substitution of the nitro group of -4 with sodium azide in DMSO to give
10. Such a procedure had been reported earlier for a similar
transformation (4); but this approach was unproductive for our system,
even with heating to 70°C. As a second alternative approach to form
10, it was thought that the trifluoroactyl function would be more
desirable than the propionyl function as a protective group for the
secondary amine since the trifluoroacetyl group should be more
amenable to cleavage than the propionyl group. Accordingly, 4 was
reacted with trifluoroacetic anhydride to give the trifluoroacetyl
derivative of 7. A similar trifluoroacetate analog of 8 was prepared
by catalytic hydrogenation. Conversion to the azide, and treatment of
the trifluoroacetate analog of 9 with mild aqueous ammonia was
expected to remove the protecting group and give the desired 10.
However, this trifluoroacetate approach was not characterized fully
because a more simple procedure was devised to go from 4 to 10 without
the need to protect the secondary amine.

Compound 4 was catalytically reduced with hydrogen over palladium
at greater than 80% yield to produce 14 (Figure 3). Earlier it was
thouight that diazotization of 14 would lead to diazotization of the
primary aromatic amine and simultaneous nitrosation of the secondary

" amine. However, conditions were established to convert 14 to 10
* without affecting the secondary amine by carrying out the

ldiazotization and reaction with sodium azide over a very short time.
.hu~ 10 was obtained as a pure. colorless, rystalline material that
showed the azide absorption band at 2118 cm by IR and had the

otd lolecular ion peak at 321 mass units by mass spectrommetry.
h proton NMR data also were compatible with the assigned structure
for 10.

Th was a curious reversal of mobi lit i es (ment i oned earlier) of
! nd 9 n I[ . With a .ilica gel plate and chloroform containinq 6

), ) ni a-' the mobile phase, th, t  va,%viel.s vre C.62 1 0.33 for 10

pp(tivrly. Thi, is the rev or; e cf what w ,l1 [)() ;xpe(tnd.
.,I re at i v' p ) i r i ; . of '- n . 11'1',,r I 1 h t eo rsal

.i w J.P. rli n, J. I,.. . P t,, 12:623. 19 7.

0.

- -'-"-- S - - k , . . .. ," , : -"



CH2  CH2

Figure 4

1,

0, N N/

P, N .. .. H

in Rf could be explained if 10 formed an internal hydrogen bond
between the secondary amine and the azide (shown below in Figure 4);
whereas such a possibility is not present in 9.

The apparent internal hydrogen bond formation in Figure 4
suggests that fentanyl type compounds may be able to assume a folded
conformation in which the ends of the molecule are brought into close
proximity. This agrees with the idea presented elsewhere (2) that
fentanyl compounds assume a morphine-like conformation in order to
exert their morphinomimetic activity.

With the successful preparation of 10, it was then necessary to
synthesize the non-radiolabeled N-succinimidyl propionate, 12, and to
develop the reaction conditions for coupling 12 and 10 to give the non-
radiolabeled analog, 9, of the desired radiolabeled product, 1.
Compound 12 was prepared from N-succinimide and propionic acid, under
the catalytic influence of dicyclohexylcarbodiimide. The
recrystallized, pure material (m.p. 33-340 C) had the required IR and
NMR characteristics. Several test experiments were performed to
establish the conditions for the maximum conversion of 10 to 9. The
use of compounds 11 and 12 is described in the literature for the
acylation of proteins in aqueous solution; but no information is
available as to acylation conditions with this reagent in organic
solvents. Toluene was used as the solvent since the radiolabeled
material, 11, is available commercially only in toluene. The
quantitative conversion (monitored by TLC) of 10 to 9 could be
achieved with an equimolar solution of 10 and 12 in toluene with the
r mixture maintained at 900C for 3 hr. The reaction went poorly at room
temperature, possibly because of the internal hydrogen bonding (see
Figure 4). The azide group was surprisingly stable during the 3 hr
reaction at 900C, as determined by IR measurements of the reactants
and products and a control experiment with 10 maintained at 900C fonr 3
hr.

The final reaction of 10 with 11 to form the radiolaheled
[)rOduct, 1, was carried out in sealed glass tubes at 90(C for 3 hr.
Two runs were made, each with 5 mCi (in 5 ml) of 11 at 107 Ci,,'mril
specific activity. The total quantities used for the reactions were
10 mCi (0.094 imoles; MW 171) of 11 and 0.097 moles of 10. At I0N,

13
.4

I
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S1., t her o W (I he fr ' i C.094 o 1 e, 3 ., 1 (MW 377)
:1~ ~ -pe' fO Ti c ~ (I (T U

IAft r t he react 10 and.l . he .-I' I I .I n,
were combined and lavered onto preparative silica ,iol p1 at,,. 1 he
plates were developed with methylene ch I or i do cent a ir in 5 met hanol.

" ~ ,fter development and radinchromatogram scanning, the silica gel bands
containing the product were scrapped off and pooled. Some of the
labelled material could be extracted frr,, the o ilica with methylene
chloride containing 5' imethanol" however, the i ,:lat ion of the
cadio] abel led material from' the silica gc-l provecd to he d1i f f i , iIl
Even after, repeated extraction and centrifugation to remove the silica
gel, complete isolation of radioactive materi fr-m the silica gel
was not possible. The isolated labelled pro,;uct amounted to a total

-" of 1.365 mCi. Assuming a specific activity of 107 mCiimol, this
amounted to 4.81 p q (13.6% yield) oT 1. The first several extract ions
contained 0.975 mlCi (3.44 j.g) of I and was the material forwarded to
the CRDEC.

The low level of recovery of I might have hoon due 1) to
..,tvu:z terification of the silica gel surfa(e by 1 during development

of the chromatogram or 2) 'o the poor ability of the extraction
ip r'-edure to dislodge I fhom the silica gel. Even after repeated
,xtraction, the residual silica gel contained appr,,ciable radioactive

. . material. Discussion with Amersham personnel ld to the conclusion
- that preparative HPLC would be a more desirahi,, method for such
- purification.

Test runs showed that 10 and 9 could he )eparated by HPIC using a
C-18 column with 50% aqueous acetonitrile as the mobile phase.
"herefore, it was planned to use HPLC for the final purification of I
in the future. However, the project was terminated at this point

ause the funds were all expende d.

- .The following materials we-e forwarded to th,- U.S. Army Chemi(al
:i arch. Development and Enrgineering (Center du1ring the course of thi,,C22

a. q f " (aminn dnrivat iv,)
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,5"- ~~Tn,, r",,ult:, of the ',vothesis, and: npiat. te:n:t I., ar , being wi ittr,
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4. SPECTROS(OPIC CHARACIH RI/AI ION O- S(01 1 O INI IRMI [DIA,

.1 NMR SPI-(. TRA

;.'. hI .'R .. t, ;, f ',, l t r:' ii t,. o ,rl , ~li n , i di r i t

.'or ,. ., I, t he t r o (] 2 tow, oi- I no NPI

I I a Wei '. t ht. t t - i 0,

r: .,, . -, .,', ," , I [(4 ii t K., i r v I . ,*. lI 4 ,' , !< r l

1 - . f0.it Os wp I t u ! ! ki 'tI I t1 I o I o r' I

I ," . a, 1 " T I ( .) fr I tor d, a [ i,,Ir at 0.2 , h itwin(n t ho
.( t f the nI t r, fur tti on. Ihe rena i n inq two arirtat ic prot o n
ir at 4 . T bonz]ii proten, al, oaro, as a ,harp ' nq It

. 3.94 . i V 7s v I"" r'i aI nat dIir oot t h p psr d o no r nq th,
0,.rl 'tO -o 0 f t I d,, 'o r e r 1 nq p rot on, a I~ f I T.n i d . The t

, n ap i ar. i o ,tmmblot at 3. 7 with arin , i p n 11 (on,,tafit,
II , AF o mp I i nii, . h f urt her t p1 i t 1 to a trip i t due to coup i nq

',I C n h v n p-ot on,. I I i r 1 oh prnt orl al pearf)d as
St of ahit, at 2.46.

She spe i tr k' , ot t. O ,ri 1 3 1 m'.i o firth.r dtt ,t, to ts
u( tirt. Th, ,rtho, ari,"at ' p tn , w i t h r,+ po(! to nitro

* . ot ori,) appar..,l at 8.20 () th,) i",7d)IIi l( 2 aronmat i
r', tons (i the arw'at I rnq .1 mi r tto' nIt r f n, t ion are seen at

0.4' . Th, ntr I liK 1t I) of t;. .in;,,, tion , '.hown h, v theo
;),aranie of irt ,,, proto(n a t  , ) 0. "I;. , I a pr)t o)n, at 7.12
2]')H , and the para pr t o t T,., ori .n ical .,hifts a u

i t an t with th'o vat i I  i j " Fr y
rt- P I at I '.h p. tl -n j ' If n a 'j* Jo- aa a sharp
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%- ortho arid met a aroniat i c prot onf -. l l i .r. I, o of t ho tr i, ,

'I.-

i,,n :; qulartet a t .02 ar" I I I.t 1 5 1., i rlJ t' , , 1: p!, 'rop ioniyl

* f in t i n i ,till rem ai n n1 , i n a ii Q t 1 ' i ri . " a ) I h

Compound _10 (F igure 11) presents sI i I dr feature,,, to compound 9.
_he aromatic signals are quite comparable. Howvor, the absence of
familiar t ri p1 et and quartet s igna Is for the prop i nv I group is

. indicative of its removal. These si .na 1. r, ip aC (I i,,ure 12) when 10
i s, converted 4nt o 9 by treatment wit h 1 . ' s .. y. the non-
"radiolabeled form of II (i e :21 r III r ir 1 j t tudy had the
fo lowing signals (Figure 13): 1.74 (3fi, tripltt), : 2.66 (411,
quartt) and 2 2.88 (4H) in agreement with the structure of compound

, Complete assignment of the chemical shifts for the piperidine
InW protons would be possible only by selective deuteration

.xperiments and by temperature dependent spectral measurements. These
-pecial experiments were not done because the need did not appear to

. . iust ify the effort and expense.

4.2 FTIR Spectra and Ultra Violet Spectra Characterization of the
-nt ermed i ates

The infrared spectra were taken as KBr pellets on a Digilab FTS
15 80 FIIR Spectrometer. The spectral frequencies provide convenient
,v idence to document the changes in the funct ional groups brought out

hi the synthetic transformations. For instance, tho presence as well
,as the removal of the propionyl functionality cru(ia] to the synthetic
scheme can be followed by the ppearance and absence of the tertiary
aimide function around 1650 cm- Similarl v the 56c,,0ss of the
reduction of the aromatic nitro function to viold compounds 8 and 14
can be followed by the disappearance of thy tpir a1 aromatic nitro
;rOUp absorptions around 1530 and 1350 cm and i t he appearance of
Irimary amino N-H stretchinfl frqoencis in the rion 3500-3300 cm ]

;ho alide functionalit v in the ir~tormuQ at,:. 9 ioil 10 is charactef-ized
.ti , app ararl(, O if a (hdr tori, ftif f 1- , , i I )iind 2100 (m1

- r, (avont irfrarod fr, ,n i, f or t rI,- v . I intormediates are
1- r i t ho r. i i l7ir t a I 0. t 1 (in.

t i ti ( (1' f h~ t r ,. t y 1 dor i v~t i vye
n r 1 8 , t ,it t , r ' 1 :, I Y i:,. ) , 1( '. 1 4 < to y16 ( 0 cmv ft rorio "i I h )o CI t h - f I69 u cm-o fro

I) t1 ON rthl- onf f C t .... 0m l ca n~y I aj!-orp~t Onn T ho ;,)a,, air of fe(e t ron
*t f i T I r(7f 01, 'C i f wr i t ,,vorl I t h- i n i nq t he

t : , ' , [hr' tr li t o 1 r1 Of t ,. . ... f t h am ide is

I. ' : ' 1' lr '1 *' 1 * - *.i 1 2.

r
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into an amino group shifts the prominent -' * absorption to 234 nm.
Similarly the azide intermediate 9 still has absorption at 232 nm.
This shows that the electronic demands of the N3 as well as that of
the primary amino function are similar in this series of com[pound,.
Compound 7 shows a peculiar behavior. The - * and n-- * absorpt1ikl,
are combinea into a single band at 272 nm. One explanation is thdl
the propionyl group caused conformational changes that brought th,, lv, ,
aromatic rings closer together, thus producing tho spectral shift .
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5. EXPERIMENTAL DETAIIS

5.1 (4-Nitrophenyl)acety chloride

4-Nitrophenyl acetic acid (54 g, 0.3 moles) was dissolhed in 500
ml of dry benzene and treated with 49 g (0.4 moles) of thionyl
chloride. The solution was refluxed for 1 hour with exclusion of
moisture. The benzene solvent was removed in a rotary evaporator.
Excess inreacted thionyl chloride was removed by azeotropic
distillation with dry benzene. The dry residue was crystallized from
benzeneicyclohexane to give 28.1 g of the acid chloride, m.p. 45-460 C.

4',.-. 5.2 1-[(4-Nitrophenyl)acetyl]-4-piperidone

(4-Nitrophenyl)acetyl chloride (2.5 g, 12.5 mmoles) was

introduced into a mixture of methylene chloride (30 mL) and a solution
of sodium bicarbonate (3.2 g) in water (30 mL). The reaction mixture
was kept stirring at room temperature; and powdered 4-piperidone

monohydrate hydrochloride (1.92 g, 12.5 mmoles) was added. After 1
hour, the methylene chloride layer was separated. The aqueous phase
was extracted with 2 x 30 mL methylene chloride. The combined
methylene chloride layers were washed with 2 N HC] (10 ml), dried, and

- evaporated to furnish crude product. Purification was achieved by
column chromatography to yield pure crystalline material 2.32 g (7j%)
m.p. 103-1040. IR (KBr): 1627 (tertiary amide), 1560 and 1350 cm-
(NO2  group). NMR:. 3.78 (txd, 4H), 2.46 (txd, 411): 3.94 (s, 2H).
7.46 (m, 2H), 8.22 (m, 2H).

5.3 1-[(4-Nitrophenyl)acetyl]-4-(phenylaniline)-piperidine 3

Crude 1-[(4-nitrophenyl)acetyl]-4-piperidone prepared from 25 q
of p-nitrophenyl acetyl chloride and 19.2 g of 4-piperidone hydrate
hydrochloride (each 124 mmoles) was dissolved in 450 ml of dry
toluene. Aniline (11.1 mL, 122 mmoles) and p-toluene sLIlfonic acid
(50 mg) was added and the mixture was heated under reflux under N
atmosphere for 5 1/2 hours, with a Dean-Stark water separator. The
toluene solution was decanted from some tarry material and evaporated
to dryness in a rotary evaporator. The crude material was dissolved
in 200 mL of methanol and cooled in ice. Sodium borohydride (7.07 g,
186 mmoles) was added in portions: and the mixture stirred for 1 hour.
200 mL of water was added; and the organic product was extracted with
4 x 100 mL methylene chloride. After drying, filtering, and
evaporation, 36.1 g of crude product was obtained. Recrystallization
frnm ether/'methanol at 700 was quite unsati factnry. lh(: material
was layered on silica gel and sequentially eluted with 200 nL portion ,

of petroleum ether, petroleum ether,/ethyl acetate (9:i) . and pet roli,
,- ,th r,,'thyl a(etate (4:3). The last two fra(tion villerd pin';

, rrb,(t., which wa-, recrystallized from ethyl ac tate. 1 ,lJow
rytal ,  9.2 g (26',): m.p. 160 1610. IR (KQ r) 33i60 '.J'I, 1640 (1

1V.). 15 19 and 1346 (t i0 ) crm m Np: : 3.85 (hon/v' 12,  , 211).

6.62 (n, 2H), 6.75 (m, Ili), 7.46 (m, 2H1) and 8.20 ( 2H). Iho
* pi ri iriv rinq p (otons appcared a,, c ,5I ()ix i(; ii f 1.3 3.7.
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I di borane in tetrahydrof Ura1 was 'low I' , . r, ti ,,
heated under reflux with st irrinq for ? H,,r -, , , ,) ,
•ethanol (20 -,L) was slowl, a d.d and the, . . r , , ,;
st irrinq for 1 '2 hour. 1hp I-olvnt wa' I ''ui * '.'

triat E with water (80 1) a 4, 7 N H. . Ar ' wI*j '].a topa ' :d.._i- re fi a tar K hr . ... . , .:

a kal ine o with 2 N NaJOi: a!-.: . ' ' ' .. '' . .:,ill"'_,"'ethylene chloride. The mr' thV ne (h orI ., a,,.r ,.1' in.-uK.. w,'r.

brine, dried, and evaporatead to g i ve crude p coda: t . ni war L pre
by chromatography over silica qel Pl ut ion Va ; w!th ',t hr] If n er

containing 3% methanol 6.5 g of ye low C t'y ta] nT raat(1rial wa"
obtained which was recrystall ized( from thl a , ti t 0 ' 1, I 'h , "a-n.
qiv- 4.52 g of pure pro tuct (54'.), m.p. 90 92') I (K[',) 3406 (i
1508 and 1339 (NO2 ) cu - , note absrn(Lr of t -& in, a! 1, , N.!,:
2.63 (m, 2H), 2.9 (m , 2H) , 6.62 (m, 211), 6.70 (r'. lIi), 7 .18 ( , 2
7.40 (m. 2H) , 8.18 (m, 2H).

5 .5 N- [1- [2-(4-Nitrophenyl )ethi] 4 pip-rjdinyl] N Ihn
* propanamide, 7

Compound 4 (4.0 q, 12.3 a"oles) ;.'a tak,,n in 30 [il dc v t o lu.-rl,.
P cop ion c anhydride (3.2 g , 24.6 mmoles) was a-Ir, , aii th, m0(l ::
-i a,.a'; heated under reflux unc r ni t eO Pn at eph ro f,)t 3 hoUTr,.
''2 Cous ammonia solution (2 K, 30 ) was ad dW l t hr' ,t
" r<ture stirred for JO minut, . Sataratri .olid hi 1 I rt , . ,l t
1100 mnL) was added: and the aqueous organi( mattr , xI' t dit ('d wit
4 x 50 mL methylene chloride. Usal wor-k up gave cirie material (5 .
l. which was recr stal 1 ind from ethyl ac- at P '. t r-) , Pjm th r dPa

SllI w (''s tals (4.1 q. 87 . IR (KEr) : 1651 ( ,'" I). 1516 and 1 ,,?
?) cm '. -1R : 1.02 ( . 311) . 1 5 (1 21) , 2 96 N ). 7 .03

) 7.23 im, 211). 7.45 . "( 31.

. N [1 [2 (4 Ami n op h. ul.] ) 1 h 4 p ',. rl ) p ;,h.-l prlt,,Ina"' j*,i

o un I n d 7 (3 9., - - ' ).,-8 0, .' i . .. i T ' i )
Lth nni (I nn ra.. ' . ' ,. ' - .,I

* • : ; .1 ' 1 a" 4Tj p .- . , :, •' ' , : 1 . Jr

[it ion w a s l terw d t- - i -. ii ;.' il .t.i1 Ti it in , ,
rainlj mat.oria 1 wa" rmcr' l 't al I t '1 tr' Io* . '

- -f white crvsta line p rod i 191 " ) mp . 1 ] K? : ....
3430 and 3360 (p. -i.. 011 . '' 7 ' , ' p"

I .73 ii, 2 )2 t "- I

,- A " 2( 9 (''I.
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o I[it e n (f sad I uri az ide (0.66 q, 10 'mel e ,) i wn w t or (3
on,) ilirable frot hi n and (las evol uti on was ret i,( d, and a wh i
r'i i ait at a p eared. he oranic ratter wa3 ,xtracted withto t..
h I o -., th,, rthylene chloride was was.,hed with wateor, dri,-I. t ,.'
... a t ed with a st rea i- of ni trogen. he critido mat er I al ( q 07 ) ,

t ' I I /. f.ro -ot h YI ftate othanel . Fnlorle t a ( .1 ;0
oK(,?'t . IP (K'r) 2 110 (N, st) 1640 v'; ( e 'e.

"" "s t1 31 1 .68 ( , 2h ), 6.96 (d, 211) 7.03 ( . 2,,
. . 7 .  3 ) MS 377 (11)

5 . 3;t cdD D r,,p i ory -let ion of por'pi-m l 9

" ,veral react ion conditions were tried in ordor t o r r: oe the
-rop 'nrI f-inctinn of 9. The desired hydrolysis could not be effect ol.

bv ha i c con iit en , or by acidic conditions at ambient temperature,.
hn W a (.) was used at 1000 for 1 hour, the major product i sol at ed
, rparat ive T1C appeared to be an internal nitrene inert ion

p Cic t. This product was different from compound 8 and had the
Sf (lloing spectral properjios IR (KBr) 1643 (t-amidc) , no azide
, k. 3364, 3343 (il) cm . NtMR: 1.02 (t), 1.94 (q); 6.66 (d), 6.54

- :J . 7 .06 (fn) 7 .40 (m) in add it ion to pi perid inyl ringi  protons. This
r'ateriaI, although quite interesting, was not pursued fur-her as it
lid net meet the objective of this investigation.

5.9 I [2 (4 Azidophenyl)ethyl]-4-(phenylamino) piperidine, 10

Compound 4 was catalytically hydrogenated in ethanol in the
presence of Pd on carbon (5,) at. 45 psi to yield 14 in 94% yield. A
solution of 14 (300 rq, 1.0 mmoles) in 2 ml 2 N HCI was cooled in an
ice bath and treated with a solution of 69 inq (1.0 mrmoles) in 1 mL

* cold water quickly with stirring. Aflter 5 min, 20 mg of urea in 0.5
"7L wa'r. was added followed by a solution of sodium azide (110 mng,

1.69 mmoles) in 1 ml water. The solution was made basic and extractel
,--. with methylene chloride. The organic layer was washed with water.

dried and evaporated by a stream of nitroqen. 210 mg of col orl ess
produc't (65;-) was obtained. The product appeared homoqenous by TIC.
It (ould be recrystallized from ethyl acetate,'ejhanl to furnish
corlorles, plates, dec 1520. IR (KBr): 2111 cm (N3 st NMR In
add it ion to pi pridine ring protons and methYlene Ie the arona tic ring

r ' otn , appeared at 6.92, 7. 18, 7.36. MS. 2 (I.

5. 10 N Ss, yrl r i t Propi(nate. 2

h ,hi AC was prepared fol lowing a pn ul ht.I i . .1, .
-N-.i ce.' ,' s i" .m: (6.4 g 56 mr"1e,) pro n , 1 1 4 rs . 5

a' ) ' I C yr ho xyl carod i imide (5.2 g 56 "' ie,) wa

w. , i , 700 r y ethyl a(e tart frr ] eir i i-,,
. I.ati . , prec 1 p it at ed di ( yc1ohex 1 ,ri a I x I . .'' ,

".i [ [ [ fHhtetil " ' the filtiat,, was ejanorat'I l t .... . 1
"''°t'i he fl i,,' I''i r ' t ~ i r ] ri ' a< et 1h )oy t a~e a , d ,, i r, t., . < !-

4 t 4 1 t t d 11 1 7 (, f ri n-I,)" t . i t i 1 ' ..

- ., q. 17 1 ( 170? ., 1?4t ).
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